Objective: To assess the impact of a school-based nutrition education intervention aimed at increasing the consumption of fruits and vegetables. Design: The intervention programme increased the provision of fruits and vegetables in schools and provided a range of point-of-purchase marketing materials, newsletters for children and parents, and teacher information. Curriculum materials at age 6-7 and 10 -11 years were also developed and utilised. Evaluation was undertaken with groups of younger (aged 6-7 years) and older (aged 10-11 years) children. Methods included 3-day dietary records with interview and cognitive and attitudinal measures at baseline, with follow-up at 9 months, in intervention and control schools. Setting: The work was undertaken in primary schools in Dundee, Scotland. Subjects: Subjects comprised 511 children in two intervention schools with a further 464 children from two schools acting as controls. Results: Children (n ¼ 64) in the intervention schools had an average increase in fruit intake (133^1.9 to 183^17.0 g day 21 ) that was significantly (P , 0.05) greater than the increase (100^11.7 to 107^14.2 g day 21 ) estimated in children (n ¼ 65) in control schools. No other changes in food or nutrient intake were detected. Increases in scores for variables relating to knowledge about fruits and vegetables and subjective norms were also greater in the intervention than in the control group, although taste preferences for fruits and vegetables were unchanged. Conclusions: It is concluded that a whole school approach to increasing intakes of fruits and vegetables has a modest but significant effect on cognitive and attitudinal variables and on fruit intake.
It is widely accepted that high intakes of fruits and vegetables (F&V) are associated with lower rates of chronic diet-related diseases including cardiovascular disease and certain cancers 1 -3 . Current dietary recommendations 4 promote a minimum intake of 400 g F&V daily, and this has generally been translated into 5 portions of approximately 80 g. A number of countries have now adopted a 'five-a-day' message, including the USA, where the National Cancer Institute initiated a national '5-A-Day for Better Health Programme' in 1991 5 , and more recently England 6 . In the UK, recent surveys have reported low intakes of F&V throughout the life span. In children aged 4-18 years, a recent study reported that more than half of 845 children surveyed in a 7-day period had not eaten any citrus fruit, green vegetables or tomatoes 7 . Boys' intakes of F&V were notably poor. Of all the vegetable categories recorded by boys, only peas, baked beans and cooked carrots had been consumed by more than half the sample.
Dietary habits in childhood will impact on growth, development and disease risk throughout life 8 . However, it is recognised that establishing healthy eating habits in children is a major challenge to health promotion. It is likely that children's eating habits are still being developed during early school years and this provides an important opportunity to target F&V consumption. Studies that have examined the principles of learning theory reveal the power and significance of associative conditioning, exposure, experience and positive reinforcement 9 . Recent work 10 highlights the importance of 'liking' as a predictor of F&V intake in children.
School-based interventions have shown some success in promoting appropriate dietary behaviours in children, notably with multi-strategy interventions 11 . The principle of the 'health-promoting school' 12 offers an opportunity to incorporate curriculum approaches, food service settings, and parental and community networks for health benefits. The aim of the present work was to assess the impact of a whole school intervention on cognitive and attitudinal variables relating to F&V and estimated dietary intake.
Methods

Overview
A whole school intervention was implemented from October 1999 to June 2000 in two junior schools in Dundee, Scotland. Its impact was assessed by comparing changes in knowledge, beliefs and attitudes towards F&V and dietary intake. These assessments were made at baseline (T1) (e.g. during September before the intervention commenced) with a follow-up (T2) which occurred 9 months after baseline (e.g. during June, after implementation of the intervention was complete). The assessments were made in groups of children aged 6-7 and 10-11 years.
Background data Schools were selected following discussions with the local education authority, which advised on 12 schools not currently involved in research studies. Four schools agreed to participate and these were paired for similarity of social background and size; each pair was then randomly assigned to the intervention or control group. The school provided information on school roll and other relevant social characteristics. Data on age and postal codes were obtained from children.
Intervention programme
The intervention programme provided increased provision of F&V in schools (tuck shops and school lunches), tasting opportunities, a range of point-of-purchase marketing (posters and quizzes), newsletters for children and parents, and teacher information sessions (delivered in school assemblies, training sessions and classroom presentations). Curriculum materials at age 6-7 and 10 -11 years (largely focusing on practical food preparation and tasting, promoted through hands-on activities, written work, videos, self-monitoring materials and story books) were also utilised. . The assessments used age-appropriate language and involved a combination of card-sort techniques and short interview questions (Table 2 ). Most assessments focused on 12 core foods/drinks (Table 3 ). In addition, a tray containing small samples of these items was offered to the children for tasting. Core items, representing high and low fruit and vegetable content, were selected as familiar to children. The children were asked to taste and then rate their liking on a 5-point hedonic scale adapted from Birch et al. 15 and to rank these foods in order of preference. 
Assessment of food and nutrient intakes
Since the intervention was school-based, all dietary assessments were made on school days only to facilitate dietary recalls in these young children.
At baseline and follow-up, children completed a 3-day food diary accompanied by an interview to ascertain all foods eaten and portion sizes. The younger age group (6-to 7-year-olds) was interviewed on a daily basis while the older children (10-to 11-year-olds) were interviewed only once, at the end of the recording period. Lay assistants, who received one week's training in the methodology, conducted the interviews.
Food diaries were included in the nutrient analysis if the child had completed the 3-day diaries at both time points. Foods were coded using standard food tables 16 -25 . Food codes and weights were entered in a nutrient analysis database and subjected to both automated and manual quality control checks. Mean daily intakes were calculated from the 3-day totals and change from T1 to T2 was calculated. Analyses were carried out on the dataset as a whole and, following the protocol for the National Diet and Nutrition Survey 7 , no exclusions for under-or overreporting were made.
Statistical analysis
Univariate analysis of variance was used to identify statistically significant differences between the control and intervention groups over time.
Results
A description of the participating schools is presented in Table 4 . A total of 135 participants (Table 5 ) completed the cognitive and attitude assessments (69 in the intervention and 66 in the control group, respectively), representing 46% of the total possible sample. A total of 128 participants (Table 5 ) completed food diaries (64 in the intervention and 65 in the control groups respectively), representing 44% of the possible sample. Cognitive and attitudinal assessments Table 6 summarises significant findings of the cognitive and attitudinal variables where there were differences between intervention and control groups over time. Children in the intervention group tasted more F&V items over time than did children from the control group (P , 0.001). At the end of the study period, the intervention group reported having tasted several F&V that had not been tasted at baseline (e.g. turnips, pineapple).
Understanding of the concept 'healthy' altered significantly (P ¼ 0.002) with time in the intervention group, with clear identification of concepts such as strength, healthy heart and energy emerging from their answers. Both age groups were reasonably competent at categorising F&V, although the scores for knowledge of paired choices (healthier options) was significantly greater in the intervention group than in the controls. The subjective norm (perceived social pressure) scores indicate that increased awareness of social pressure became greater in the intervention rather than the control group (P ¼ 0.021).
Using the facial hedonic scales, children in the intervention group reported decreasing preference for the foods/drinks in the high-fat or higher sugar category. The intervention group chose fewer high-fat or high-sugar options in their top five favourites at T2 (as compared with T1), whilst in the control group ranked preferences remained constant (P ¼ 0.042).
Food and nutrients
The weight of fruit intake increased in both intervention (þ50 g) and control groups (þ7 g), and was significantly (P ¼ 0.042) greater in the intervention group. Vegetable intake showed no significant change in intervention (2 17 g) or control groups (2 15 g) ( Table 7) .
In boys, the changes between T1 and T2 in the intervention and control groups were not significant for fruit (122 to 141 g in the intervention group, 94 to 108 g in the control group), vegetables (74 to 47 g in the intervention group, 75 to 54 g in the control group) and total F&V (196 to 189 g in the intervention group, 169 to 163 g in the control group).
In girls, the change between T1 and T2 in the intervention and control groups was significant (P ¼ 0.02) for fruit (141 to 216 g in the intervention group, 106 to 106 g in the control group). Differences in intakes of vegetables (65 to 56 g in the intervention group, 65 to 56 g in the control group) and in total F&V (207 to 272 g in the intervention group, 171 to 163 g in the control group) were not significant.
The range of fruits consumed increased in the intervention group but remained constant in the control group. The range of vegetables consumed decreased in both groups; the frequency of consumption and portion size are presented in Table 8 . This undoubtedly reflects seasonal choices, with indications for future promotional work. There were no significant changes in macronutrient intakes between T1 and T2 ( Table 9 ).
Discussion
Overall, these findings suggest that the intervention was delivered successfully. The results are generally consistent with studies in US schools 27 -31 , which have shown significant increases in fruit intake and (with one exception 29 ) little impact on vegetable intake. In these US projects, interventions have been associated with increases of around 0.5 F&V portions per day 31 , ranging from 0.2 (California) to 0.6 (Minnesota) servings. are probably successful at 'mitigating an age-related decline in consumption' 29 .
Commentators have concluded that the interventions
It is important to note that the short intervention period (9 months) cannot be used to demonstrate life-long changes in eating habits, but does show the ability of an education programme to impact on diet at a crucial life stage when eating habits are being formed. All the responses are reported intakes and have not been independently validated. These results are therefore comparable with other studies using similar methods, but are less robust than those from studies that examined independent markers of dietary change (e.g. plasma vitamin C or other nutrients found in high quantities in fruits).
In a project aimed wholly at outcome evaluation, the results should be measured at the school level, not at the individual pupil level. However, such an approach would not have facilitated the development of the programme and ongoing process evaluations. Sample size of 60 in each of the intervention and control arms was estimated to be able predict with 80% confidence a modest increase in intake of F&V (e.g. rising from 200 to 230 g).
Specific foods that had not been tasted before the intervention were subsequently tried as a direct function of the intervention. It is understood from the work of Birch et al. 32 that mere exposure to some foods can lead to an enhancement or acceptance of similar food types. Therefore, the direct effect of the intervention in increasing the likelihood of tasting new F&V may help towards developing a practical interest in tasting other F&V. In a UK school-based study, improvements in preference and acceptance of F&V were obtained by Horne et al. when using compulsory, daily exposure 33 .
The results for nutrient intake are similar to those reported by Gregory et al. 7 , suggesting that overall food intakes were fairly typical for children of this age.
One of the major challenges in any child-oriented project is getting parents involved. In the USA, work by Baranowski et al. 29 highlights that 'impacting on home consumption practices remain[s] elusive'. Future work could usefully consider how the challenge of parental involvement might be addressed. Table 2 . † Differences relate to reduced preferences for high-sugar and high-fat snacks, not increased preferences for fruits and vegetables. Increasing vegetable intake in all ages across all social classes is probably the greatest challenge to nutrition educators. Increased provision of vegetables through the introduction of new nutrient standards for school lunches in Scotland 34 will be viewed with interest. Finally, the cost-effectiveness of this study is hard to estimate. The actual capital and development costs were around £378 (not necessary for widespread transfer) plus consumable costs of around £13.50 per school plus staff time over the entire 9-month period. The benefits were related not only to dietary change, but also contributed to general education, good school -home relations (through newsletters) and the general promotion of the integrated school involving pupils, staff (all grades) and parents.
In conclusion, a novel, whole school intervention implemented over one academic year was associated with changes in knowledge, attitudes and practices relating to F&V consumption. SE -standard error; T2 measures made 9 months after T1 baseline measures. * The value shown is the significance of the difference in change in intake from T1 to T2 between the intervention and control groups from a multiple regression model which included age and sex.
